Analysis of the essential oil from the rhizome of Alpinia calcarata Rosc. (ACREO) by a combination of GC and GC-MS revealed the presence of 1,8-cineole (42.2%), endo-fenchyl acetate (14.7%), camphene (7.6%), β-pinene (6.9%), α-terpineol (5.3%) and camphor (5.0%). Twenty-three compounds were identified in the oil. ACREO showed dose dependent myorelaxant activity in rat duodenum. The dose response curves of acetylcholine (ACh) and CaCl 2 were shifted by ACREO to the right with increases in EC 50 values and decreases in V max . These findings suggest that ACREO is a non-competitive antagonist of ACh and calcium.
The family Zingiberaceae is represented by 45 genera and over 750 species, which are distributed in the tropical region, chiefly in Indo-Malaysia. In India, the family is represented by 17 genera and 112 species, occurring mainly in the Eastern Himalaya and Western Ghats. The best known examples of the family are ginger (Zingiber officinale), turmeric (Curcuma longa) and cardamon (Elettaria cardomomum). Alpinia species are used in the orient as food additives, spices and in the indigenous system of medicine. In China, A. galanga, A. globosa and A. officinarum, and in Brazil, A. aromatica are used as medicines. Different plant parts of Alpinia species are used in the Indian system of medicine, 'AYURVEDA,' and as food flavor. Besides being used as anti-inflammatory, anticancer and anticalculi agents, Alpinia is also used as a digestive, a spleen and liver tonic, in dyspepsia, gastralgia, sea-sickness and for abdominal colic pains [1] [2] [3] [4] [5] . Several pharmacological activities associated with Alpinia species include spasmolytic activity of the rhizomes of A. speciosa, myorelaxant and antispasmodic effects of the essential oil of A. speciosa on rat ileum [6] [7] [8] , cardiotonic activity [9] and antiulcer activity in A. oxyphylla [10] . Antitumor [5] , antiulcer, antisecretory and cytoprotective properties [11] , and activity against kidney stones and oxalate urolithiasis in male rats has also been reported for A. galanga [12] . Literature reports are scanty about the elucidation of the mechanism of the myorelaxant action of Alpinia species. A. speciosa has been reported to possess a mechanism, independent of membrane receptors, to produce myorelaxant and antispasmodic activities in rat ileum [6] .
In India, A. calcarata is used as a substitute for A. galanga [1] . We have reported earlier the volatile constituents of the aerial parts of A. calcarata growing in India [13] . Reports exist in the literature on the qualitative and quantitative composition of the essential oil from rhizomes of A. calcarata, with variation in the chemical composition having been noted. A collection of A. calcarata from Bangalore (India) yielded geraniol, whereas other reports recorded varying amount of α-fenchyl acetate and 1, 8-cineole [14] [15] . Several cytotoxic diterpenoids have been isolated from rhizomes of this species growing in China [16] [17] [18] . The hot water extract of A. calcarata rhizome (HWT) induced profound oligozoospermia, without inhibiting fertility. HWT (500 mg/kg, orally) rapidly and markedly elevated the serum testosterone level and the number of spontaneous penile erections in rats [19] . The hot ethanolic extract of A. calcarata rhizomes produced significant antinociceptive activity in rats. The response was mediated via the opioid mechanism [20] . The repellant property of A. calcarata against the American cockroach, Periplanta americana has also been reported [21] . We now report the major chemical composition of the essential oil of the rhizomes of A. calcarata and its myorelaxant activity.
The results of GC-MS analysis of the essential oil from the rhizomes of A. calcarata are given in Table  1 . In all, 23 compounds were identified, which constitute 94.8% of the oil. The major constituents include 1,8-cineole, endo-fenchyl acetate, camphene, β-pinene, α-terpineol and camphor. The composition of the oil varies significantly from that reported earlier, as the oil has a higher 1,8 cineole (42.2%) content, but a lower amount of endo-fenchyl acetate (14.7%), and geraniol is absent. 
Effect of Alpinia rhizome essential oil (ACREO) on contractility of rat duodenal smooth muscle preparation:
Cumulative doses (0.1-1000 μg/mL) of ACREO produced concentration dependent relaxation of the tissue (Figure 1 ).
The maximum relaxation (3.3+0.41 g/ g of tissue wt.) was recorded at a dose of 1000 μg/mL. The relaxation effect of ACREO was reversible after washing the tissue preparations for 30 minutes. 
Effect of Alpinia rhizome essential oil on acetylcholine-induced contraction of rat duodenum:
Acetylcholine 10 -9 to 3×10 -4 M produced cumulative dose dependent contractions of rat duodenal smooth muscle. ACREO (30 and 100 μg/mL) shifted the dose response curve of acetylcholine towards the right and reduced the V max dose dependently ( Figure  2 ). ACREO decreased the V max of the ACh-induced dose response curve and increased the EC 50 value of the acetylcholine response curve ( Table 2) .
Effect of Alpinia rhizome essential oil on CaCl 2induced contraction of rat duodenum: CaCl 2 showed a dose dependent contraction of rat duodenum at concentrations ranging from 10 -9 to 3×10 -2 M. These CaCl 2 induced dose-responses were repeated after 1 hour of rest in the presence of any of the three doses of ACREO (1, 3 and 10 μg/mL). ACREO shifted the dose response curves of CaCl 2 towards the right side, dose dependently ( Figure 3 ). The EC 50 values were significantly and dose dependently increased, and the V max values were reduced ( Table 2 ). In the present study, ACREO produced dose dependent relaxation of the rat duodenal smooth muscle preparation. The myorelaxatory effects of ACREO were potent (μg/mL range) and fully reversible, which indicates that the responses of ACREO do not appear to be the result of non-specific properties of the oil to modify the lipid bilayer of the cell membrane. ACREO also showed a significant anti-spasmodic property through inhibition of acetylcholine and the KCl-induced sustained contractile phase in rat duodenum.
The response of ACREO appears to be similar to that of the essential oil of Croton nepetaefolius (an aromatic plant used as a carminative and spasmolytic agent), C. zehntneri (used in gastro-intestinal smooth muscle disorders) and Alpinia speciosa (used to treat hypertension), showing a potent relaxatory effect on isolated intestinal smooth muscles [6, [23] [24] [25] . Though the essential oil constituents of the above plants and A. calcarata are different in terms of their major constituents, their actions on intestinal smooth muscles are of a similar type. In Ca ++ free, K + depolarized physiological saline solution, rat duodenum showed concentration dependent contractions in the presence of CaCl 2 . This observation confirms the dependency of rat duodenum on extra-cellular Ca ++ for its contraction. In this study, ACREO shifted the concentration response curves of both ACh and CaCl 2 to the right, with increases in EC 50 values and decreases in V max . values. This observation suggests that ACREO was a non-competitive antagonist of ACh and calcium, which is probably responsible for its myorelaxant activity in rat duodenum. On the basis of the present findings, we make the hypothesis that ACREO possibly interferes with the entry of extra-cellular Ca ++ into the cells, which needs further investigations for confirmation. 
Experimental

Isolation of essential oil:
The essential oil from fresh rhizomes (500 g) of A. calcarata was obtained by hydrodistillation for 8 h using a Clevenger apparatus. Extraction of distillate with diethyl ether, followed by drying over sodium sulfate and removal of solvent yielded 0.1% oil (v/w). The distilled oil was dried over anhydrous sodium sulfate.
GC analysis:
Hewlett-Packard HP 5890A with a Shimadzu CR/3, 25m-FSCC SE 54, temperature programmed for 4 minutes at 60 0 C, then from 
Dose (log M)
Tension g\g tissue weight 60-240 0 C at 3 0 C/ min, and finally held for 10 min, split ratio 1:100, injector 220 0 C, FID detector at 240 0 C, carrier gas nitrogen with 25 cm/sec linear gas velocity. The determination of Kovats (KI) and retention (RI) indices were performed with the same temperature program both on SE-54 and DB-5 columns, and the indices were compared with those of authentic substances determined under identical GC conditions. The quantitative make up of the oil was determined from percentage FID. Drugs: Alpinia calcarata rhizome oil, acetylcholine (Sigma), CaCl 2 (Merck), and EGTA (Sigma).
GC/MS analysis
Tissue preparation and mounting:
Rats were sacrificed by cervical displacement and exsanguination. Duodenum (4 cm apart from stomach) was removed and a 2.5 cm long piece was mounted on a 30 mL capacity organ bath containing normal Tyrode solution (CaCl 2 2.0; NaCl 136.0; KCl 5.0; MgCl 2 .6H 2 O 0.98; NaH 2 PO 4 .2H 2 O 0.36; Glucose 5.5, NaHCO 3 11.9 in mM) at 37±0.5 0 C (pH 7.4±0.1). The tissue was washed at 15 minute intervals and continuous aeration was provided to the saline solution. The tissue was equilibrated under a constant resting tension of 0.5 g for a period of one hour. Isometric contractions were recorded with the help of a force displacement transducer (T305, FT 1715) connected to an ink writing physiograph (Biodevice, India). Before eliciting a response, the instrument was calibrated to record the change in tension generated on a g verses mm displacement basis (1 g=20 mm).
Effect of Alpinia rhizome essential oil on contractility of rat duodenum:
After equilibration of the isolated rat duodenum for 60 minutes, ACREO (0.1-1000 μg/mL) was added to the tissue bath, cumulatively. Each dose was allowed to act for 5 minutes before addition of the next higher dose.
Effect of Alpinia rhizome essential oil on acetylcholine induced contractions of rat duodenum:
After equilibration for 60 min, the tissue preparation was treated with the cumulative doses of acetylcholine (ACh; 10 -9 -3× 10 -4 M) to observe dose dependent contraction. This dose-dependent contraction of ACh was repeated in the same tissue after 1 h of rest and in the presence of either of two doses of ACREO (30, 100 μg/mL).
Effect of Alpinia rhizome essential oil on CaCl 2induced contraction of rat duodenum:
The tissue was initially equilibrated in normal Tyrode solution for 60 min and then Ca ++ free, K + -depolarized solution (with and without EGTA) for 30 min each before eliciting the cumulative dose responses of CaCl 2 (10 -9 -3×10 -2 ) These CaCl 2 induced dose responses were repeated after 1 h of rest and in the presence of one of three doses of ACREO (1, 3 and 10 μg/mL).
Statistical analysis:
The results are presented as mean + standard error of the mean. The one-way ANOVA analysis was carried out with the STPR-6 program provided by the Computer Department. Student's 't' test was employed for the test of significance and p < 0.05 was considered to be significant. EC 50 values were calculated by regression analysis using the least square method.
